In modern day game development, story is seen as an essential component in a game. However, in many games, gameplay and story are worked on separately, by different teams and separated in time, which can lead to a mismatch between the two. To solve this problem, particularly in the context of educational games, we provide a novel solution that involves establishing of the game story and gameplay simultaneously, and physically linking the two together to see to what extent story information is present in the actual gameplay. A Storyline Scaffolding Tool (SST) is developed to make this possible. Subsequently, the SST's use was assessed, which focused on the effectiveness and usability of this tool. Participants found the tool both useful and usable and it was found that planned story content did not fully match the actual gameplay in an example game, identifying a need for such a tool.
I. INTRODUCTION
Compared to traditional methods of storytelling, such as novels and movies, stories in video games differ in that the player is part of the story. In fact, most game studios go as far as employing a dedicated team of storywriters in the design phase as these in-game stories provide a narrative for the player. This narrative is used to create an immersive experience for the player, giving the game meaning, structuring the flow of information and helping the player to understand what tasks need to be carried out in order to continue [1, 2] . When a story is present within a game, players feel greater identification: a sense of presence [3, 4] and greater physiological arousal [5] . Environmental narrative games, such as "Dear Esther" [6] and "Everybody's Gone to the Rapture" [7] provide rich storylines, where the narrative is typically communicated through voice-overs or written artefacts that reveal the story in an intriguing, non-linear fashion. This mechanic is characterized as 'environmental storytelling'. These narratives or narrative threads are often the starting points of game development.
In this paper, we will identify and discuss the problems with current methods used for attuning stories to video games, such as the story not fully matching the gameplay content, and put forward a novel tool, which is designed to solve these problems. We then put forward research questions to identify the effectiveness, particularly the completeness, and usability of the tool. Finally, we present the results of this study before drawing conclusions and presenting points for discussion.
II. THE PROBLEMS WITH CURRENT METHODS OF IN-GAME STORYTELLING AND TOOLS AVAILABLE
Problems involving in-game stories are well documented and it is a problem that has plagued the industry. Writers referred as 'narrative paramedics' are often used late in the project to attempt to fix story issues, when development is almost completed rather than being involved from the start of the project [8] . Although efforts are being made to improve this with some industry professionals calling for speculative scripts to be used, similar to the movie industry [9] .
A common issue when creating in-game stories is that these are traditionally created separately from the actual gameplay, often in cut scenes or text form, which can lead to discrepancies between the two [10] . This can lead to many issues such as a lack of internal consistency, where a players' actions are inconsistent with the story [11] . In addition, the problem arises that the gameplay does not address several story elements meaning that parts of the story are missing from the game. Moreover, it has been proposed that games are not taking advantage of interaction, the unique feature that games have compared to other storytelling media. This results in linear stories that would be told better in movies or books [12] rather than a non-linear storyline told throughout the gameplay. This suggests that the solution to narrative-driven games and environmental storytelling is to align the story more with what the player is experiencing in the game instead of simply resorting to cut scenes. However, designing and keeping track of this in-game story remains a key part of the process.
Many tools already exist that facilitate the design and development of video game stories. An example of a simple tool is Twine [13] , a simple web tool that enables the creation of simple HTML stories where players can be given multiple choices that affect the story, which are all visualized. Scrivener [14] , one of the most advanced tools, was not developed specifically for use within the games industry; nevertheless, it is used and recommended by individuals in the games industry [15] . Different chapters of the story are arranged into different folders, keeping everything organized. There is also the ability to keep a journal to track progress of development, including future plans, as well as including images, such as maps of the game world.
In between Twine [13] and Scrivener [14] , many other alternatives exist: these include: Texture [16] , a simple online tool that focuses on writing and uses drag and drop games to make a simple playable story-based game in a browser, and Inform 7 [17], a design suite that teaches narrative story writing in the context of simulated worlds. Moreover, common techniques used within the motion picture industry, e.g. storyboarding, may also be used. Storyboards are particularly useful for 'expressing ideas in a perceivable way without having to spend too much time and effort on creating detailed prototypes' [18] .
978-1-7281-4540-2/19/$31.00 ©2019 IEEE Although there is a wide array of tools and techniques available for the use of narrative game design and interactive storytelling, the major issue with these tools is that none of them have the functionality to visualize the specific areas of the game where story information is presented during development. Consequently, they lack such an evaluation framework that makes it possible to check the match between story information and gameplay. This points to the need of a tool with which communication between stakeholders can be improved [19] . Even with these tools, the in-game stories are often created in the beginning of the development process in collaboration with educators, whereas gameplay comes later and is the result of decisions of developers and controlled by their creative, technical and time constraints. As this process continues, the original perceived story may be neglected and, as a result, story information may be missed.
To solve the eventual gap where the gameplay and story are not properly aligned, we propose a solution, which works on both the story and gameplay at the same time, linking both together so that they are explicitly entwined. This will ensure that all elements of the story are related to the game and will make clear at which points in the game they are actually present. This solution is not intended to replace the tools that are already available but to complement them. As such, a designer using a tool such as Scrivener [14] will still make use of it, as it is tailored towards creative writing. However, they will also use a tool to track the locations in the game where this story information is present. Thus, they will be able to ensure that the full story is included throughout the game. In the context of educational games, this will make certain that all of the learning content is included.
In this paper, we report on development and evaluation of the Storyline Scaffolding Tool (SST), a multi-platform desktop program developed in Qt using C++. The main purpose of SST is to indicate to what extent story elements are represented by game events. The game used for this study is "The Chantry", an educational environmental narrative game for PlayStation VR, developed as part of the REVEAL project (http://revealvr.eu). It covers the invention of vaccination against the smallpox virus by Dr. Edward Jenner in the 19 th century (https://jennermuseum.com/). To progress through the game, the player needs to explore the house of Jenner, picking up items and finding out information in different rooms about a particular story objective before moving on and navigating further through the game (Fig 1) .
III. STORY GRAPH AND LINKING TO THE GAMEPLAY
Part of the solution to schematize a story is based on Story Grammar Theory [20, 21, 22, 23] . It defines a story into four main parts (SETTING + THEME + PLOT + RESOLUTION) and, then, splitting them into more sections (e.g., SETTING consists of CHARACTERS + LOCATION + TIME, and PLOT consists of EPISODES that contain ATTEMPTS, OUTCOMES and a SUBGOAL), etc. In total, there are 10 rewrite rules. For example, in "the Chantry" story, one event is "smallpox is a horrifying disease" and an outcome of one of the episodes is "James developed mild fever, but quickly recovered".
These rules provide a hierarchical representation, known as the story graph, with the concrete story information as terminal nodes. It shows the sequence of events as well as the abstract relationships between constituents of the story and provides a mental schema of how a story unfolds. Among others, Thorndyke [20] demonstrated the psychological plausibility of story schemas.
By using a story graph, all of the major story information is represented in a separate story layer and visualizes the story structure independent of the actual game. Therefore, a story graph was created from the story that we wished to include in the game (Fig. 2) . Appendix A contains the story itself. On top of this, a gameplay graph was composed, based on a behavior tree ( Fig. 5 ). This graph consists of different nodes that allow the game to react to user actions by triggering different events, including playing narrative audio related to the in-game story. By attaching these nodes to locations in the game, the relevant events are triggered when a player accesses the correct position.
As the gameplay graph represents the flow of the game events, we can track a player's progression through the game. However, the relationship between the story and gameplay is not (yet) indicated. If this would be clear, it would also be possible to track the player's progression through the story. Our novel solution proposes linking both graphs together so that the story information contained in each gameplay event is clear. This will allow developers to visualize what parts of the story, and its percentage, are present in-game. This should make it easier to identify parts of the story that are not addressed.
By linking these two graphs, the story to the gameplay, it is possible to see what parts of the story are addressed by the game. Because this tool is being used to develop an educational game and is designed with these games in mind, we assume that story elements also represent educational goals, which must be obtained by the player to obtain full knowledge. In other words, the tool provides information on the extent in which educational goals are covered by actual game events. This information can then be used to show story objectives that a player has not learned about, which could inform a teacher what the player needs to be taught additionally or, even more drastically, can signal where the game should be adapted. Fig. 3 presents a schematic overview of the different components of the Storyline Scaffolding Tool.
IV. STORYLINE SCAFFOLDING TOOL
The key to our innovative solution is a visualization tool named the "Storyline Scaffolding Tool" (SST) which we developed as part of the REVEAL project. The tool provides a graphical user interface, which displays both the story and gameplay graphs as node trees showing each node and its links, dependencies and children. Node trees are most appropriate as they represent the hierarchical nature of the structures. Both graphs are stored in JSON (JavaScript Object Notation) format due to its readability, that is, easy to read by humans and easy to parse by machines. When loaded, the nodes are spaced out and displayed according to their parents or requirements. In Fig. 4 and Fig. 5 , we zoomed in on parts of the story and gameplay layer, respectively.
Figure 4: A section of the story graph in SST. Prefixes indicated the type of story node as defined in Story Grammar
Theory. In this example, LOC represents a location, in this case, the Chantry and DET represents a detail. As both the story graph and gameplay graph are displayed as node trees within the tool with links shown between them, it becomes possible to create and show links between the two graphs (see Fig. 7 ). The linking itself must be performed by the user(s) (see the Procedure section). As some gameplay nodes contain narrative audio based on the story, these can be explicitly linked to story nodes. Adding functionality to the tool that allows this linking behavior meets the key goal of being able to link the story with the gameplay. By showing the story and gameplay layer simultaneously and showing links between gameplay and story nodes, the completeness of the story with respect to the gameplay layer will be apparent and can be quantitatively expressed. It can indicate to what extent the story and story elements are represented by the game elements. If there are many cross-links, it means that a great deal of the story is covered by the game. Although it is expected that users will make a link from a gameplay node to a story node, similar to ticking off a list of story elements as development proceeds, it is also possible to make these links in the other direction if necessary. Furthermore, many more features are present in the tool, such as being able to modify, create and delete both story and gameplay nodes, providing an all-round effective development tool.
V. RESEARCH QUESTIONS
In this study, we focus on two research questions: First, we want to evaluate the effectiveness of the SST, specifically concerning the completeness of "the Chantry" story representation with respect to the gameplay. The central question is how meaningful is the SST for assessing the relationship between the story layer and the gameplay layer in terms of completeness? This question focuses on if we can get an indication of how well the story layer and gameplay layer match up using the SST. Secondly, we want to get an impression of the usability of current version of the SST. So, the research question is what is the opinion of users of SST in terms of usability of the story graph, gameplay graph, the linking functionality and the general design and use of the SST? Thus, this question focuses on how user-friendly the SST is.
VI. METHOD

A. Participants
Participants with differing levels of experience in game development were invited to participate. In total 6 subjects participated (3 experienced developers and 1 educator who all had prior knowledge on the knowledge domain of the game (Jenner's history), known as 'experts' and two university students studying Game Technology who did not have prior knowledge of the game and story content, known as 'novices'. For a usability study such as this, a limited number of evaluators (5 to 6) is sufficient [24, 25] . Based on several large-scale usability studies Nielsen showed empirically that most of usability problems were mentioned by a limited number of evaluators. He recommends that 5 to 6 evaluators are sufficient to find a high proportion (ca 80 %) of the different usability problems. Each extra evaluator would only add, in decreasing rate, a few new problems. As there is only a limited number of participants, we content ourselves with reporting only descriptive information rather than statistical outcomes.
B. Materials
The design of "The Chantry" began with the story on Dr. Edward Jenner and the smallpox virus. This was created by the game developers and the museum, who made clear which story content would be included (see Appendix A). A story graph according to Story Grammar Theory was created by applying the rewrite rules on this story. Participants were presented with the story graph of the game, along with the story text in written format on paper. This story graph and the completed gameplay graph, unlinked at this point, were loaded into the SST for the player to carry out the linking task.
To determine what parts of the story were referenced in each gameplay node, it was necessary for the participants to be able to both see and hear the events that are triggered when a node is unlocked, such as a letter being picked up and an audio file being played. As playing the game itself was unfeasible, as this would be time consuming and the participant would not necessarily know what node was being unlocked and triggering the behavior, a recording was made of a complete playthrough of the game. Subsequently, this video was split into multiple video segments, with each segment labelled according to its corresponding gameplay node. Next, these segments were transferred to a tablet so the participant could easily view the behavior of a gameplay node whilst still being able to examine both the gameplay graph and story graph.
Finally, participants were provided with a questionnaire to complete.
C. Measurements
The effectiveness of the SST was examined by assessing the 'completeness' of the story, looking at how well the participant was able to find and link story elements in the game. The following calculations were made:
• Total number of connections -total number of connections between gameplay and story nodes;
• Average number of connections per story node; and
• Story graph completeness -the percentage of the story graph had at least one connection to a gameplay node. This is explained in Fig. 6 . The story graph on the left has one out of two nodes covered by a gameplay node, giving 50% story completeness. The story graph on the right has two out of three nodes covered, a story completeness of 66%. A dashed line splits the two layers.
The post-exercise usability questionnaire was a custom questionnaire developed to evaluate the participants' opinion on usability-related aspects of the story graph, gameplay graph, linking and general design and use of the tool in general. It consisted of 29 questions for these four topics on 5point Likert scales, where one indicated that the participants strongly disagreed with the statement and five indicated that they strongly agreed with it. These included statements such as 'the story graph provides a good visualization of the story structure' and 'the narrative graph provides a good representation of the sequence of events in the game'.
In addition to this, qualitative measures were also taken in the form of open questions on each of the four topics (six in total). These included if they thought the story graph structure was useful, if they agreed with how both graphs were depicted, and if they had any comments on linking exercise and the tool, including reasons for their answers, which would be used to improve both the exercise and the tool.
D. Procedure
Participants were invited to read the written text of the story and examine the story graph in detail. After this, they were invited to go through the gameplay graph one node at a time, viewing the video on the tablet related to the node, and use the tool to create links to story nodes, which they felt were referenced in the video, generating the green links shown in Fig. 7 . The linking was done in the tool by right clicking a gameplay node, selecting the link option and then ticking the boxes of the selected story node(s) in the dialog that appears. When save was hit, green links appeared between the gameplay node (blue) and the selected story node(s) (red when unlinked, green when linked). There was no time limit given on this task. When the participants felt that they had completed the linking exercise, they filled in the questionnaire.
VII. RESULTS
A. Effectiveness
Firstly, we analyzed the effectiveness of the SST by examining how well the story was connected to the gameplay. For the outcomes, see Table I:   TABLE I. EFFECTIVENESS -MEANS AND (STANDARD DEVIATIONS)
All Experts Novices
Average total number of connections (0-∞) The results show that the mean total number of connections was 52.5 meaning that there was, on average, less than one connection per story node, at 0.89 average connections. Moreover, the number of connections created by each user varied considerably (standard deviation of 20.9). Most importantly, the mean story graph completeness was only 59% overall. In total, the story contains 59 nodes, so 100% completeness would occur if all nodes had at least one link to the gameplay graph. Average completeness is 59% so an average of 34.81 nodes were linked to the narrative graph (34.81/59 = .59). This indicates that a considerable portion of the story was not linked to the game events.
Predictably, due to the expert participants' superior knowledge of the game, there is a large difference in this section between results from novice users and expert users. In particular, there is a large gap between the mean number of connections made by novice users (35) and expert users (61. 25) . This is also the case when it is computed per story node (0.59 average connections vs 1.05). This is of particular interest, as it appears that expert participants felt that story content was referred to in more than one part of the game.
In addition, for the completeness of the story graph, there was a relatively large difference between the mean value of novice users (49%) and expert users (64%). These key differences can be explained by the fact that experts will have more knowledge of both the story and the game, therefore being able to make more connections between gameplay and story nodes. Because of this, expert users may be able to identify more story content in gameplay nodes, explaining the difference between the mean story completeness percentage between novice and expert users.
B. Usability Results
In addition to the effectiveness of the tool, we investigated its usability. For this, we constrain ourselves to the mean judgement per participant on all the questions per topic. The outcomes of each topic were as follows (Table II):   TABLE II. USABILITY PER TOPIC -MEANS AND (STANDARD DEVIATIONS), WITH MIN-MAX: 1-5 In general, participants found the task and the interface useful in all areas (mean score > 3). However, the experts, who have higher knowledge of the game and story content, gave slightly higher ratings in all sections. Additionally, all but one participant gave a favorable rating on whether or not it is useful to structure educational content efficiently; so, it could be thoughtfully integrated in the game.
Particularly, the gameplay graph is difficult (2.67) for the novices, likely because they lack prior knowledge of the game. This could be improved by explaining the gameplay graph to these users. This is further outlined by comments, namely that Figure 7 : A link between a gameplay node and story node in SST. The story node's label turns green when a link is made. The green link shows that the game event "CastlePicture" belongs to the story node "Berkeley", as the narrative audio within the node refers to Berkeley Castle.
they 'can't comprehend how the gameplay nodes correspond to the game'.
The linking section only gave moderate results, with all participants feeling the process could be improved. Feedback to carry out the linking task was received from almost all participants. In addition, the GUI of the tool received unfavorable ratings from half of the participants and some of these comments were reiterated in the tool section.
One participant in particular expressed a view that the tool could be useful for individuals, who are not technically inclined, one of the tool's key aims.
VIII. GENERAL DISCUSSION
A tool was presented to act as an evaluation framework when examining the presence of a story within the gameplay part of a game. This tool can be applied to other situations where story and gameplay elements are available and it gives the ability to redesign a game in a focused way. Next, we will discuss the pros of cons of the SST and its evaluation, including its usability, as well as possible future extensions.
We got positive feedback on the effectiveness of the SST. The completeness computations are able to provide useful quantitative information on the extent to which the game covers the storyline. In the case of "the Chantry", we could conclude that approximately (only) 59 % of the original story was covered by the game. The outcome of 59% is not a weakness of the method. The SST is designed just to discover this issue, enabling the development team to adapt the game if needed. Moreover, results of this study were shared with the developers on the game who replied that the story had indeed been modified as the game evolved, with some story elements being removed and others added resulting in an out-of-date story being used by members of the REVEAL project. Had the SST been in use throughout development of the game, this issue could have been averted. This point is of key importance when researching educational games as such story information is often used as a base for creating questionnaires to investigate how well participants have retained and recalled information presented to them in the game.
It is also possible to derive qualitative feedback on the completeness results: what story elements are covered well or not by the gameplay events. This analysis still needs to be performed. Based on locations where connections are lacking, directed repairment is possible.
Additionally, there is the legitimate concern that some of these connections between story nodes and gameplay nodes may be incorrect, this is backed up by the high variation between the total of connections made. Currently, the tool does not have the functionality to identify this. Therefore, further analysis must be carried out to validate the accuracy of these connections. Indeed, this process could be automated if gameplay nodes had subtitles or transcripts of the audio attached. This would enable key words from story nodes to be found in this text, speeding up the linking process.
When it comes to usability, we got moderate positive feedback (>3) from all users considering the usability of the tool as well as suggestions on what could be improved in the tool itself, particularly around visualizing the gameplay graph. We concluded that the tool is promising in its key areas, particularly as a reflective tool for ensuring that the story is still present in the game, the key purpose of the tool.
Qualitative comments noted that the tool could be used by those who may not be technically inclined, meaning that storywriters rather than programmers could find the tool useful. This is useful as this suggests that the tool could be useful for a narrative designer to keep track of the presence of the story within the game rather than taking time from someone in the development team.
IX. CONCLUSION
Storylines are an essential game component. However, in many games, gameplay and story graphs are worked on separately, by different teams and separated in time. Consequently, regularly, a mismatch between these two can occur. To solve this problem, we provided the Storyline Scaffolding Tool (SST), which facilitates the physical linking of gameplay and story. An evaluation showed that the SST has a good usability and is effective in its goal to linking gameplay and story graphs.
The only (technical) constraint is that the game must make use of a command tree (gameplay graph) for structuring the game and has an event manager capable of outputting when the nodes part of the command tree are unlocked. Therefore, it can be used in other projects and will be made part of the RAGE project (www.rageproject.eu), an ecosystem for making available third-party game technologies through a shared repository in the hope that it can be beneficial for many of these projects.
A feature that was not discussed is the game analytic feature that the SST can also track the navigation behavior of players during play by lighting up the nodes that they have visited and the story elements to which they have been exposed. In addition to this, the tool can be used to detect a player's degree of goal-oriented behavior. This determines how efficient they are at achieving a goal by comparing the minimum number of steps necessary to complete a task compared to the steps that the player has taken or by comparing the sequence of actions that a player has carried out compared to the perfect sequences [26] . Therefore, this tool can be used to both evaluate the development of a game and the performance of players learning it.
Overall, we developed a tool to keep track of the relation between gameplay and the game's story. On the one hand, evaluation showed that experts were very well capable of linking the gameplay and story graphs together but, on the other hand, two novices showed less effectiveness. Moreover, all participants judged the SST as having a good usability.
Taken together, this article presented an innovative tool, which enables to secure the relation between gameplay and story as well as working as a live analytical tool. As, such the SST showed to be a good start for a novel idea to take game production a leap further.
